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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

* RESEARCH MEMORANDUM

CALCULATION OF EXTERNAL-STORE LOADS AND CORRELATION
WITH EXPERIMENT

By Percy J. Bobbitt, Harry W. Carlson,
and Albin O. Pearson

SUMMARY

Y7

A theory for evaluating the mutual interference between a wing and
tip tank has been extended to apply to store-pylon configurations. By use
of this analysis and the flow-field formulas of NACA Research Memorandum
155L30b and NACA Technical Note 3938, theoretical store-pylon side-force
estimates have been made for a number of store-pylon configurations. Com-
parisons of the theoretical estimates with experimental results recently
obtained at the Langley Aeronautical Laboratory indicate that theory is
capable of predicting satisfactorily a variety of effects. Considered in
this paper are the separate effects of spanwise store position, chordwise
store position, angle of sideslip, store fins, store-store interference,
and fuselage indentation. The experimental data and theory indicate that
the pylon and pylon-induced side forces are the largest contributors to
the total store-pylon side force. A short bibliography of recent NACA
publications dealing with store and missile loads is included.

INTRODUCTION

In reference 1, the results were presented of a study made to deter-
mine the ability of linearized theory to predict the side force acting on
wing stores at supersonic speeds. Although the theoretical and experimen-
tal correlations of this study were made for only a limited number of con-
figurations and one Mach number, indications were that linear theory might
be capable of doing a satisfactory job. It was apparent also from this
study that additional calculations and correlations were needed to refine

the theoretical approach and at the same time further define its limita-
tions or capabilities.

The purpose of the present paper is to present the results of some
recent calculations and correlations made to partially fulfill this need
and at the same time indicate the type of data now beilng obtained at the
National Advisory Committee for Aeronautics which are pertinent to the
store-loads problem. Of particular interest are the data presented herein
on pylon loads and pylon-induced store loads.

A short bibliography of recent NACA publications dealing with store
and missile loads is included.
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SYMBOLS
M Mach number, _Free—stream Yelocitv
Velocity of sound in free stream
a angle of attack
b wing span
d maximum diameter of store
lg length of store
Sg maximun store cross-sectional area
q free-stream dynamic pressure
Ap aspect ratio of pylon
Op span of pylon
Sp pylon area
8 angle of sideslip, measured in radians or degrees as
specified
<CY > - Side force on pylon (B measured in radians)
B as.,f
p P
(CY \ - 2ide force on store (3 peasured in radians)
B g aSpB
Cy g = Side force on store
»S S
Aog
C _ Side force on store and pylon
Y,sp = s
s
Yawing moment on store
Chg = , positive moment tends to push store nose
’b.)

WSglg
in toward fuselage for store attached to left half of wing

DISCUSSION

In order to gain some insight into the mutual interference effects
between a store and pylon and thus into the division of loads, both a
theoretical analysis and experimental program have been carried out. In
this section, a short description of the theoretical analysis just referred
to is presented followed by a discussion of the ability of this theory,
when used in conjunction with the flow-field formulas of references 1 and 2,
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to predict a number of experimentally measured effects. Several points
of interest discussed at the end of this section are illustrated by 22ta
obtained for stores situated below the wing but not connected with a
pylon. Through the use of theory, an estimation of what the order of
magnitude of these data might be if the store were connected with a
pylon is made. . L.

Theory for Store-Pylon Side Force

The camplex, three-dimensional, nonplanar problem of determining
rigorously the side load on a store and pylon attached to a finite wing
is one of insurmountable difficulty. Obviously, some simplifying assump-
tions must be made and some rigor sacrificed if the problem is to be
treated by analytical means. One of the most profitable simplifications
which can be affected when evaluating the interference effects between
the store, pylon, and wing is the replacement of the wing by an infinite
reflection plane. Inherent in this simplification is that the magnitude
of the lateral-flow velocity beneath the wing be determined separately
and by other methods. (See refs. 1 and 2.)

The problem of determining the loads on a pylon-store reflection-plane
configuration subjected to a uniform lateral flow can be analyzed in the
same manner as & wing tip-tank configuration at an angle of attack since
the insertion of an infinite plane, perpendicular to the wing and in the
plane of symmetry, does not alter the flow pattern. When the configuration
of wing, tip tank, and vertical reflection plane is rotated through 90°,
the wing semispan becomes the pylon, the vertical reflection plane becomes
the wing, and the tip tank becomes the store. Also, the uniform vertical
velocity to which the wing and tip tank are subjected and which is equiva-
lent to Va becomes the lateral-flow velocity and is given the value -VB.
The wing tip-tank problem has been treated in reference 3; however, the
ratios of tank diameter to wing semispan of the configurations for which
numerical results were obtained were not high enough to be of use in evalu-
ating pylon or store loads. Consequently the analytical procedure given
in reference 3 has been utilized to extend the numerical results from
values of d/bp up to 0.3 to values of d/bp up to 1.6.

Shown in figure 1 are the variations of the pylon and pylon-induced
store forces in coefficient form with the ratio of the store diameter to
pylon span. The nondimensionalizing area for these coefficients is the
pylon area. Note that, when the store diameter is 1.6 times the pylon
span, the pylon-induced side force on the store and the side force on the
pylon are almost equal. It is conceivable that in this situation the
pylon could contribute on the order of 20 to 25 percent to the total root
bending moment.

Scope of Test Configurations

The curves given in {igure 1 and the flow-field formulas of refer-
ences 1 and 2 have been utilized jto make side-force calculations for a
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number of configurations recently tested at the Langley Aeronautical
Laboratory. Before making comparisons of the calculated and experimental
results, it would seem appropriate to present a few details of the tests
and test configurations.

Some idea of the scope of tests can be obtained from the two wing-
body models and associated store and store-pylon configurations shown in
figure 2. The wing-body and store-pylon configurations on the left of
figure 2 were tested at a Mach number of 1.6 in the Langley L- by h-foot
supersonic pressure tunnel; those on the right, at Mach numbers from
0.8 to 1.43 in the Langley 8-foot transonic pressure tunnel. In the
4 -foot-tunnel tests, store and store-pylon loads have been obtained for
a variety of store-pylon configurations and a number of spanwise and
chordwise locations as indicated by the circles showing store midpoint
locations. Five-component store forces and maments were measured in
this investigation with the store in presence of the pylon, three compo-
nents were measured for the store-pylon combination and the full six cam-
ponents for the wing body. The models were tested through an angle-of-
attack range extending fram -2° to 12° and an angle-of-sideslip range
fram -12° to 120,

The wing-fuselage model and the two store shapes pictured on the
right of figure 2 represent two separste investigations conducted in the
Langley 8-foot transonic pressure tunnel. For the store without a pylon
systematic investigations have been conducted using both the basic and
contoured fuselages shown. The circles on the wing body at the right
indicate the positions at which store forces and moments were obtained.

In addition to being tested singly, several of the stores were tested in
cambination, that is, two stores on a panel. Forces and maments for the
finned store were measured only on the contoured fuselage airplane con-
figuration at two positions. These positions are indicated by the squares.
In each of the investigations, five-component store forces and moments and
three-camponent wing-fuselage forces and moments were obtained through an
angle-of -attack range extending fram -2° to 8°.

There is, evidently, a large amount of recent experimental data which
can be utilized to test the worth of the theoretical methods. In subse-
quent figures showing experimental results and calculations for a variety
of effects only a representative cross section of this data will be
utilized.

Contribution of Store and Pylon to Combined Load

Given in figure 3 are the separate contributions of the store and
pylon to the combined store-pylon side-force coefficient at a Mach number
of 1.6. The angle of sideslip is zero as it is for all other figures
unless otherwise noted. Data and curves shown are for a sweptforward
pylon and store combination located at the 0.55-wing-semispan station.
The vertical scale of figure 3, which is labeled side-force coefficient,
is simply the particular side force being considered nondimensionalized
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by q and the maximum cross-sectional area of the store. Negative side-
force coefficient indicates that the side force acting on the store or
store-pylon located below the left-hand half-wing is directed toward the
wing tip.

In the calculation of the total store-pylon load, the loads on the
store and pylon are determined separately and added. The load acting
on the store is itself further broken down into two separate camponents.
One is the load on the store determined as if the pylon were not present
and the other is .the load induced on the store by the pylon. It should
be noted that the latter of these two loads is determined by the use of
figure 1. Fortunately for the stores used in the investigation in the
Langley 4- by L-foot supersonic pressure tunnel, experimental data is
available for each of the store-load camponents in addition to the total
store-pylon load. Consider first the side force acting on the store when
no pylon is present. It is evident that for this condition the rate of
change of the side force with angle of attack is underestimated by the
theory. This is not surprising since a calculation of the lift-curve
slope for the store alone in a uniform flow field underestimates experi-
ment by about 50 percent. The use of static experimental force data for
the isolated store to form a correction factor for the theoretical compu-
tations would lead to a more accurate estimate of this camponent if
desired.

The total side force acting on the store when the pylon is added
(see fig. 3), agrees rather well with the calculated curve. Evidently
this agreement is fortuitous since the increment in the store side force
caused by the insertion of the pylon is overpredicted; that is, the 4if-
ference between the squares and circles is overpredicted. Perhaps the
fact that the theoretical curves used to estimate this increment were
meant primarily for an unswept pylon and also that the theoretical side-
wash acted only over the rear portion of the pylon are partly responsible
for the overprediction.

The total force acting on the store and pylon combination as deter-
mined by experiment and given by the diamonds agrees satisfactorily with
theory which is the solid line. Contributing to this agreement is the
overprediction of the slope and the underprediction of the zero angle of
attack or thickness effects. It is interesting to note that the pylon,
carrying about the same amount of side load as the store, contributes
about 25 percent of the total root-bending moment.

Before leaving figure 3, it is of interest to translate the cambined
store-pylon side-force coefficient into terms of a load in pounds for a
practical situation. For example, if an airplane of this configuration
having a 40-foot wing span and operating at 40,000 feet and a Mach number
of 1.6 were to experience the largest store-pylon force indicated, it
would amount to 6,600 pounds.
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Effect of Store Spanwise Location on the Store-Pylon

Side-Force Coefficient

There are other limitations and inadequacies of the theoretical
methods used which have not yet been mentioned that will be pointed out
at the appropriate places subsequently. An excellent opportunity to
illustrate one of these shortcomings is afforded by figure L,

Figure 4 shows the effect of store spanwise location on the angle-
of -attack variation of the store-pylon side-force coefficient. The
relative position of the store-pylon configuration with respect to the
wing leading edge remains the same for all three spanwise locations as
indicated by the sketches. Looking first at the experimental points,
it can be seen that as you go from the inboard to the outboard position
there is an increase in the slope. Theoretical predictions using the
supersonic leading-edge sidewash calculated for the free-stream Mach num-
ber of 1.6 (the solid-line curves) also show an increase in slope as the
store moves outbosrd, but the rate at which the slope increases is
overpredicted.

Schlieren photographs taken of these models, one of which is shown
in figure 5, revealed that the wing leading edge, instead of being slightly
supersonic as predicted by the theory, was actually subsonic. In order to
demonstrate that better agreement between theory and experiment may be
obtained if the physical flow field is more accurately represented, the
wing angle-of-attack flow field was recalculated for the Mach number giving
the same location of the Mach cone emanating from the wing root as indi-
cated in the schlieren photograph. Use of this flow field in determining
the store-pylon side forces resulted in the dashed-line curves. For the
inboard location, calculations using the subsonic edge flow field did not
yield a noticeable change; whereas, for the midspan and tip locations,
better agreement resulted. The agreement in magnitudes might be further
improved if the side forces induced by the wing-thickness flow field were
also reevaluated. Because of the time required, only a very rough estima-
tion of the wing thickness effect was made. This is true of most of the
curves shown in subsequent figures.

Effect of Pylon Sweep and Store Chordwise Location

Having examined the effect of spanwise location on a particular store-
pylon configuration, the next logical effect to discuss is that of store
chordwise location and accompanying pylon sweep. The spanwise position
for which data will be presented is at the 0.55-wing-semispan station.

The store-pylon configurations at the different chordwise locations are
shown by the sketches in figure 6. Actually since the pylon carries or
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induces the major portion of the total load, this figure might be more
properly titled the effect of pylon sweep and location. The experimental
data and theoretical curve for the most forward position are repeated
fram the previous figures. When the store is moved to the rear fram the
most forward position and the pylon becames unswept, there is an increase
in the slope and a slight decrease in the thickness effects. In this
position, the pylon is almost completely immersed in the wing flow field
and feels the maximum effect of the high flow angularities in the region
just to the rear of the wing leading edge. The agreement between theory
and experiment for this position is good. For the store in the rear
position, a considerable change in the side-force coefficient angle-of-
attack variation fram those of the more forward positions is noted.

This can be attributed to the fact that the sweptback pylon is situated
in a region of much lower wing angle-of-attack sidewash and also that it
is subjected to the inflow in the region of the trailing edge due to wing
thickness. The theoretical slope, though samewhat less than it was for
the other two locations, still overpredicts the experimental slope. The
change in thickness effects, estimated, as mentioned before, in a rather
rough manner, were also overpredicted. Generally speaking, the agreement
for the three positions is satisfactory.

Effect of Sideslip on the Store-Pylon Side-Force Coefficient

Another factor which has a major influence on the magnitude of the
side force a store-pylon will be required to carry is the angle of side-
slip. Plotted in figure T is the variation of the store-pylon side-force
coefficient with angle of sideslip for the sweptforward pylon and store
canbination located at the 0.55-semispan station. The angle of attack
chosen to illustrate this effect is 8°. Note the large magnitude of the
side-force coefficients at the highest angles of sideslip and also the
steepness of the slope. A camparison of experimental curves indicates
that more side force results fram 1° of sideslip than from 1° of angle
of attack but perhaps not as much more as might be expected. The theory
used to obtain the solid-line curve assumes that the store and pylon are
side slipped in the presence of an infinite flat plate hence the effect
of the changing leading-edge sweep relative to the free-stream direction
and the effect of the fuselage are neglected. It is evident that the
simplified theory overpredicts the incremental load due to sideslip by
about 50 percent. A more exact theoretical determination of the forces
on a store attached to a sideslipped configuration may be obtained by
determining the flow field beneath the sideslipped wing through the use
of formulas contained in reference 4. It should be pointed out here that
the rate of change of the side-force coefficient with angle of sideslip
varied little from one position to another in this investigation.
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Effect of Fins on Store Side-~Force Coefficilent

There are many stores in use today which employ fins. An indication
of how important the fin loads are relative to the pylon and pylon-induced
store loads may be obtained from figure 8. 1In this figure is plotted the
variation of the store side-force coefficient with angle of attack. The
vertical scale has been reduced by a factor of one-half from the previous
figures so that the changes caused by the addition of the fins can be more
easily seen. The store pylon and wing body on the left are the same as
that used for a number of the previous figures and, it may be remembered,
was tested in the Langley 4- by k-foot supersonic pressure tunnel at a
Mach number of 1.6. The configuration on the right is completely different
in all respects and was tested in the Langley 8-foot transonic pressure
tunnel at a variety of Mach numbers in addition to the Mach number for
which data is given in this figure. ¥For the store on the left, the addi-
tion of fins causes an increase in the slope and only negligible displace-
ment in the zero angle-of-attack value. Theory adequately predicts the
slope change but overestimates the displacement. For the store on the
right, the addition of the fins causes a displacement in the curves though
little change in slope. Theory for the fins-off situation accurately
predicts the magnitude and rate of change with angle of attack of the
store side-force coefficient. For the fins-on situation only the increment
at zero angle of attack is predicted. This estimate is indicated by the
tick mark. Because the fin closest to the wing is affected by the wing
vortex wake, no attempt has been made to calculate the angle-of-attack
variation with the fins on. For the store on the left, the effect of the
fins is small when compared to the total side-force acting on the store
and pylon. For the store on the right where the store-pylon side forces
are much smaller, the effect of the fins assumes a more important role.

Interference Effects Between Inboard and Outboard Stores

Another source of store side forces is the flow field created by
another store, particularly when this other store is located on the same
half-wing as in a four-store or four-nacelle configuration. To give some
idea of the magnitude of these effects and to indicate whether the store
flow fields can be accurately predicted, figure 9 has been prepared. Shown
on the left of figure 9 is the effect of the outhboard store on the side
force acting on the inboard store and on the right, the effect of the
inboard store on the outboard-store side force. These stores were not
connected to the wing with a pylon. The dashed lines and the circles are
the theory and experiment for the side force on the store alone and the
80lid line and the squares for the side force on the store in the presence
of the other store.

The points to be made relative to the inboard-store curves on the
left are the large effect of the outboard store on the inboard and the

>
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accuracy with which this effect is predicted. The displacement of the two
curves 1s primarily due to the radial flow asway from the outboard store
caused by the outboard-store thickness and is, therefore, almost independ-
ent of angle of attack. If the inboard store were connected 1o the wing
by a pylon, the increment in store side-force coefficient instead of being
of the order of 0.08 might be ps-large as 0.6 or 0.7 depending on the geo-
metric characteristics of theé pylon. An effect of this magnitude would
most certainly have to be accounted for to obtain reliable values of the
store-pylon side force. The calculated curves shown are based on linear
theory corrected by use of experimental force data for the isolated area.

An examination of the right-hand plot shows that the change in the
slope of the side-force-coefficient curve for the outboard store when the
inboard store is added is fairly well predicted by theory. The magnitude
agreement between theory and experiment for the outboard-store side-force
coefficients is evidently not so good as for the inboard store. The rea-
son for this is thought to be a local Mach number loss similar to that
illustrated by the schlieren photograph of figure 5. In terms of store-
store interference, this means that one store will affect the other
furtner forward than it would if the local Mach numbers were the same as
the free-stream Mach numbers. Experimental data are available which
indicate the effect on the store-store interference of these Mach numbers
losses. Some of these data are presented in figure 10.

Shown in this figure are the side forces and yawing moments on an
inboard store, alone and in the presence of the outboard store, for Mach
numbers of 1.43, 1.2, and 0.8. The stores for the test results pictured
were located at the 0.28- and 0.70-wing-semispan stations. The dashed lines
are for the inboard store alone and the solid lines are for the inboard in
the presence of the outboard store. At a Mach number of 1.43, note that the
outboard store has a negligible effect on the inboard store, whereas at
a Mach number of 1.2 there is a large effect. If the local Mach number
were supersonic, it would be impossible for the outboard store to effect
the inboard store at a Mach number of 1.2. The fact that the induced
moment on the inboard store at zero angle of attack is positive, or nose
in, and the fact that the angle-of-attack variations at this Mach number
are almost identical to those at subsonic speeds, typified by the
M = 0.8 curves, indicates that the local flow is actually subsonic.

Effect of Fuselage Contouring

It is well known that contoured fuselages are in use on many of
todays production and design stage airplanes. While effecting a change
in the pressure field to yield a lower drag than the basic fuselage
configuration, these indented fuselages also have an appreciable effect
on the lateral flow field and hence on the loads induced on stores
attached to the wing. An indication of the difference between the loads
on a store located beneath wing-fuselage models with and without a fuse-
lage indentation can be obtained from figure 11. The Mach number of

s
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experimental results plotted in this figure is 1l.2. Data for two span-
wise store positions, 0.28- and 0.5-wing-semispan stations, is depicted.
Judging from the difference between the curves for the basic and indented
fuselages the effect of fuselage indentation is to cause an increase in
the outward flow in the vicinity of the leading edge, giving rise to a
negative increment in the side force and negative and positive increments
to the yawing moments for the inboard and outboard stores, respectively.
If the stores were connected to the wing with a pylon the largest incre-
ment showE instead of being approximately 0.05 would be of the order of
0.3 or O.4.

The effect of fuselage indentation on the surface pressures and flow
fields of configurations at an angle of attack has not yet been analyzed
theoretically. At zero angle of attack the area-rule papers of Lomax
and Heaslet (ref. 5) and Nielsen and Pitts (ref. 6) permit an evaluation
of these effects though the procedure is rather involved.

CONCLUDING REMARKS

I+ can be said that theoretical methods are capable of predicting
satisfactorily a variety of effects. More detail in the calculations
of some of these effects than used in the present paper seems desirable.
The experimental data and theory indicate that the pylon and pylon-
induced side forces are the largest contributors to the total store-
pylon side force. The separate effects of spanwise store position,
chordwise store position, angle of sideslip, store fins, store-store
interference, and fuselage indentation all play a part in determining
the store-pylon side loads.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 5, 1957.
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VARIATION OF STORE AND PYLON FORCES
WITH RATIO OF STORE DIAMETER TO PYLON SPAN
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EFFECT OF PYLON SWEEP AND STORE CHORDWISE LOCATION
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STORE -PYLON LOAD AT COMBINED
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